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ELECTROLYTIC POLISHING OF STEEL SPECIMENS 


By G. F. Meyer, G. D. Ranrer, and J. R. VILELLA. (From Metals and Alloys, Vol..13, No. 4, April, 
1941, pp. 424-430). 


THE method of electrolytic polishing has been 
tested on a considerable number of plain carbon, 
low alloy, and stainless steels, and the results 
compared with those obtained by the mechanical 
polishing process. The mechanical method in 
skilful hands yields a polished surface of a high 
order of flatness with comparatively small dis- 
tortion of the surface metal, and with excellent 
preservation of the non-metallic inclusions. In 
some respects the electrolytic method compares 
very favourably with the mechanical method, 
and in other respects it is inferior; therefore, 
both methods should be available in the me- 
tallographic laboratory. 


General Conclusions. 

Specimens of plain carbon or low alloy steel 
can be polished electrolytically with a degree of 
perfection comparable to that obtained by me- 
chanical polishing. 

Electrolytically polished surfaces may ex- 
hibit certain defects, of which the most frequent 
are: (a) an undulating, rather than a plane 
surface ; (b) high relief of the carbide particles, 
particularly when they are coarse; (c) attack 
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on the non-metallic inclusions ; this is particu- 
larly excessive in low carbon steels, and makes 
the metal appear considerably “ dirtier ” than it 
actually is. 

No time or effort is saved during the grinding 
part of the polishing procedure, because to ob- 
tain optimum results by the electrolytic method, 
the specimen must be ground to the same fine- 
ness as for mechanical polishing. In general, 
the finer the grinding the shorter the time needed 
to produce a satisfactory polish, the less the 
waviness and relief effect, and the less the attack 
on the non-metallic inclusions. 

The electrolyte is violently explosive and 
must, therefore, be handled with extreme care 
at all times. Contamination with organic sub- 
stances is particularly to be avoided. 


Ferritic and austenitic stainless alloys can be 
polished to attain a much higher degree of per- 
fection than that of mechanical polishing. For 
these alloys the electrolytic method appears to 
be a decided improvement, and its adoption for 
the preparation of stainless specimens is strongly 
recommended. 


Description of 
Method. 


The wiring diagram 
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electrolytic 
polishing apparatus is 
given in Fig. 1. The 
electrolyte is prepared 
as follows: Place a 
beaker containing 185 
cc. of perchloric acid 
(sp. gr. 1.61) inside of 
a larger receptacle con- 
taining cracked ice, or 
through which cold 
water is circulating, and 
add gradually 765 cc. 
pure acetic anhydride, 


600 OnMS 





Fig. 1 
Wiring diagram for the electrolytic polishing. 





and then 50 cc. distilled 





| water. Allow the solu- 
munre smTen tion to rest at room tem- 

come Mus Sut ev = perature for at least 24 

hours before using. 


The solution for polish- 
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ing stainless steel is prepared similarly, but 
contains 335 cc. perchloric acid, 665 cc. acetic 
anhydride, and no water. According to the 
originators of the method it is advantageous to 
dissolve 0.5 per cent. of aluminium, by anodic 
attack, in the solution for plain carbon steels. 

The specimen to be polished constitutes the 
anode of the cell. It should be free from all 
traces Of grease or oil, and any scale present 
should be ground off before it is placed in the 
electrolyte. The cathode can be a sheet of 
either aluminium, low carbon steel, or stainless 
steel. The surface area of the cathode and its 
position does not influence the final polish of the 
specimen. Proper adjustment of the current 
density is an important factor. For plain car- 
bon and low alloy steels a current density of 
5 amp./sq. decimeter of total anode surface is 
best. If the current density is too low the 
specimen is likely to be etched deeply and the 
grinding scratches not removed; if too high, 
pitting may occur. For stainless steel a mini- 
mum current density of 7 amp./sq. decimeter 
should be used. 

The time required for a satisfactory polish 
decreases with the fineness of the grinding 
scratches present on the specimen. The wavi- 
ness of the finished surface observed frequently 
in electro polished specimens can be minimized 
greatly by constantly agitating the electrolyte. 
This may be done either by moving the specimen, 
by stirring the solution with a rod, or by bubbling 
air through the solution. 

The sequence of the steps in electro-polish- 
ing is as follows. The specimen is ground with 
a grit of 500 mesh, or finer, and all traces of 
grease removed. The current density is cal- 
culated from the surface area of the specimen. 
It is then connected to the positive wire and 
inserted in the electrolyte, which must be agi- 
tated and not permitted to rise in temperature 
above 85° F. During the first 20 seconds the 
current tends to fall, and the voltage to rise, this 
change coinciding with the formation of a reddish 
brown deposit on the specimen; while this is 
taking place the current is adjusted to maintain 
the calculated density. For the remainder of 
the process the current remains constant. Fi- 
nally the specimen is washed free of any deposit 
and dried. 


Discussion of Results. 
Figs. 2a and 2b show respectively the struc- 


ture of a low carbon steel polished electrolyti- 
tally and mechanically. It can be seen that the 


THE ENGINEERS’ 








DIGEST 209 


electrolytic method, by attacking the non-me- 
tallic inclusions, has greatly exaggerated the 
apparent porosity of the steel. 

Figs. 3a and 3b were obtained from 
the same specimen of normalized medium 
carbon steel. The attack on the inclusions 
and the amount of etching effect normally 
present in an electro-polished specimen is 
illustrated by 3a. The etched appearance is due 


Fig. 2 
Rimmed steel: 0.03% C. (a) Polished electrolytically ; 


(b) Polished mechanically. Note attack on the inclu- 


sion by the electrolytic polish. Etched with 2% nital, 
15 


* 
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Fig. 3 


Steel containing 0.39% C, 0.73% Mn. polished 
electrolytically: (a) Unetched, 150x; (b) Etched with 
4% picral, 1000x. 


to relief polishing. Fig. 3b is an illustration 
of the clear definition of structure obtainable 
by electro-polishing and subsequent etching with 
proper technique. While for optimum results 
the current density differs for steels of different 
carbon and alloy contents, it is entirely feasible 
to polish satisfactorily a wide range of plain 
carbon and low alloy steels using the same current 
density. 

The technique for polishing stainless steels, 
recommended by the originators of the method, 
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Fig. 4 
General view of a low carbon 18 and 8 stainless steel: 
(a) Polished mechanically and showing disturbed metal} 
(b) Polished electrolytically several times in order to 
remove all disturbed metal. Shows true structure of 
alloy. Etched with aqua regia in glycerine, 100x. 


was tested on ferritic iron-chromium alloys, 
containing 12, 17 and 27 per cent. Cr, and on 
austenitic alloys of the 18 per cent. Cr, 8 per cent. 
Ni type, with, and without the addition of co- 
lumbium or titanicum; in all cases it was found 
to yield a result which can be duplicated by 
mechanical polishing only after the most pail 
staking and prolonged effort, For this type of 
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alloy the electrolytic method is unquestionably 
by far the best technique available at present. 
In electro-polishing stainless alloys it is 
frequently possible to eradicate all grinding 
scratches long before the last trace of disturbed 
metal is removed. The abitity to recognize 
disturbed metal in its various forms is indis- 
pensable, since it is practically impossible to 


Fig. 5 
A low carbon 18 and 8 stainless steel showing false 
structures resulting from distortion of surface metal 
during polishing: (a) Roughening of the ground mass ; 
(b) straight line marking resembling slip lines. Both 
etched with aqua regia in glycerine, 500x, 


prepare mechanically a metallographic specimen 
of 18 and 8 without distorting the surface metal. 

The inevitable distortion of the surface metal 
produced during polishing gives rise to false 


‘structures, and the grain pattern appears to 


be rather complicated under the microscope. 
Unfortunately it is not always possible to dif- 
ferentiate these false structures from significant 


Fig. 6 
(a) Titanium treated steel, 0.04 C, 18 Cr, 11 Ni, 0.56% 
Ti ; (6) Columbium treated steel, 0.06 C, 19 Cr, 10 Ni, 
0.76% Cb. Both polished electrolytically and etched 
with aqua regia in glycerine, 1000x, 
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structural changes, such as carbide precipitation 
which may occur, since they are so small and of 
such character as to be either masked by the 
distortion of the surface metal or confused with 
the false structures resulting from it. Some of 
these false structures are illustrated in Figs. 
4a, 5a, 5b. 

The general appearance of a polished surface 
in which disturbed metal is present, and the 
appearance of the same surface after its elimina- 
tion, are shown at low magnification in Figs. 
4a and 4b respectively. One of the most common 
manifestations of disturbed metal, illustrated in 
Fig. 5a, consists of irregularly shaped markings 
distributed unevenly throughout the grains. 
Another common form is the straight line mark- 


ings resembling slip lines illustrated in Fig. 5b. ' 


Figs. 6a and 6b illustrate respectively the 
structures of titanium and columbium bearing 
18 and 8 after complete elimination of the dis- 
torted surface metal. Note in Figs. 6a and 6b 
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that the carbide particles rich in titanium or 
columbium tend to occur dispersed, more or 
less at random within the grains. 


A number of stainless alloys whose structure 
consists of austenite and ferrite, such as 18% 
Cr, 8% Ni, and 2.5% Mo, and those in which 
the nickel has been replaced by manganese, have 
also been polished satisfactorily, using the pro- 
cedure recommended for the ordinary 18 Cr- 
8% Ni. alloys. 


Because of the difficulty of revealing the un- 
distorted structure of these alloys, there has been 
a trend in recent years to use etching re-agents 
whose action is limited to disclosing the presence 
of carbides. They are, however, inadequate 
for general use, because they not only fail to reveal 


_ such significant detail as may often be found 


within the grains, but they also give an exaggerated 
picture of the effect of carbide precipitation at 
the grain boundaries. 


THE “PERFECT STEAM ”? 


By C. EICHELBERG. 


It is possible to express the characteristics of a 
“perfect steam” similarly to the “ perfect gas ” 
and to represent its behaviour by a single curve. 
This problem was successfully solved by E. 
Leib in his book “ Thermodynamic properties 
of vapours,” who also deduced a single expres- 
sion for the thermal and calorific properties of a 
vapour. 

In the following, Leib’s theory will be shortly 
explained, a universal constant proposed, and an 
approximation suggested for the region outside 
the critical range. 

The internal energy of a vapour is the sum 
of the translation, rotation, vibration, and attrac- 
tion energy. The first two terms can be calcu- 
lated from the kinetic theory of gases, the third 
by quantitative methods. If f represents the 
number of freedom, then the internal energy (u) 
is given by: 


(1) u =ERT + we + Unter: 
And for the perfect gas 
; f 
(1’) Ug=5PV+ Uvib 


By introducing a term of the form p*(v, t) Vv; 
then for a vapour it can be stated that 
(2) u =f/2 (pv + p*v) 


(From Schweizer Archiv, Vol. 7, No. 3, March, 1941, pp. 69-72). 


Hence the second law of thermodynamics 
becomes : 
du+pdv__d(uv’) p*vat! dv 
” oF T Tva Tva v 
In place of the terms (p, v, T, u) Leib sub- 
stitutes “elementary quantities,” namely in- 
dependent variables in place of T and v: 





(4) @=Tv? and ¢=Inv 
and in place of p and u, the functions : 
(4’) 7=pve+! and «=uv# 


By writing p* -v#+t!=7* equation (2) 
becomes : 


(5) a= +r* 
and the second law of thermodynamics becomes : 
65°) ds— Seo 2'dP 


The condition that d, be a complete differential 
is that: 


O« O7* 

(6) cde 
or, 

lf@e , Oe*) 0 a* 
(7) (45 ss a5) plied 
For a perfect gas 

On 

(8) ened 

















- OF 


ture 
8%, 
hich 
lave 
pro- 

Cr- 


een 
ents 
nce 
uate 
veal 
und 
ated 
1 at 


nics 


ub- 


tial 








and this equation gives the definition of a perfect 
vapour. The equation (7) can now be inte- 
grated and we obtain : 


0) =e. F(=) =6 . f(T) 
From (5) and (4): ; 
(10) u=—-pv+—T. f(T) 


This equation is equally true for gases, and 
by comparing it with the equation (1’), it is 
obvious that the second term in the equation (10) 
is identical with uyip. Hence: 
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By integration 
(14) ~=F (T . v4) +dviv 

The second equation (12) gives p as 
(15) p=aT?ve—! , F’(T.va) 


Since 7 can be expressed as a function of 
@, the thermal behaviour of a perfect vapour 
can be represented by a single curve. The 
integration of equation (15) brings us to 








































































































(9) m* =aV* Uib If the function of 7 in terms of @ is known, 
y i tase then the function of % can be determined, and 
(10) —e hence the calorific and thermal behaviour of the 
By introducing the function steam is given. Hence, 
u 1 7 
(11) deniiea, (16) po [we + dwvib 
for which / 
dy dx Leib has shown that water vapour can be 
(12) u=Ta 3 p=TS represented by a single curve in the entire field 
Paes al in (10° given by the steam tables. This also applies 
then by substituting these values in (10’), we to vapours other than that of water. 
get Finally Leib was able to express the vapour 
(13) ee wk + ae curve analytically by using a single arbitrary 
a « oe dv «6T constant 9, : 
_ 
’ | 
. 4 
Representation of Water Vapour Fs 4 
Pad 
15000 }— By af- Tv" und tT: pv” a 
Supercooled liquid Xx, 
e Boiling liquid » ¢ 
e Saturated steam : Ps 
12500 }-— © Critical point iene 
o Superheated steam up to 10 atm vs 
o » -' up to 25 and 50 atm yf 7 
a « u & 
p io ae bn tml” Y 10 
e * up to 150 atm 7 = ‘tie 
10000 }—— + * up to 200 atm. ' {V7 dh a 
ie 7 - up to 250 atm [7 ,” ) 
T= p- Vv B e * uptol300a img 7) if Fad 
ey’ | 07s ™ ial 
os 2 
{ LW x nd Be f 
7500 t ae 7 Rd AT / 
“Ay F 
/ f 
fig a | 
eae a y a Steam region——— 
— Liquid 7 vA Steam region —— ” / 
t F ; - 025 a thr 
' Von. Sf 
2500 Va 2 — } 
y, ' "4 150 | - a Pr 
“e ” \ Va , F) ten alien ic i PS iB 
A ie = Rak GY , Q OES 5 nae a 
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Fig. 1 
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_w7 _py_ (6)! 
(17) Re ee iy -(0/8 ‘oud 1 


Hence a single measurement is sufficient to 
determine the value of the constant. 

The satisfactory representation of water 
vapour by a single curve is shown in Fig. 1 (up 
to 300 atm.). 

It is of interest to note that for steam the 
adiabatic equation can also be deduced : 


(18) pv@+1!—constant 


Further for isothermal changes we have 
from equation (17): 


1—>2 1—e*! r:) 1/a 
(19) Le=RT Ins ; where x=( Ve) 
which by a first approximation can be expressed 
as 


(19a) Lis=RT In ~2- 
1—>2 Vi 
Evaluation of the Constant in the Equation 
of the Perfect Vapour. 

In the neighbourhood of the critical point, 
the behaviour of vapours differs considerably 
from that given by the equation for a perfect 
vapour. For a closer approximation equation 
(17) can be used to determine the co-efficient, 
especially in cases where experimental results 
are lacking. 

By writing the equation of the perfect vapour 
in the form: 


(20) Vv x 


ay with 


(21) x= vd and #=T1/4-y, 


then for the critical point 
RTx_ R _ &—1 
a 


Van der Vaal’s equation gives a value for 
Rrea 22/3. For a great many number of mate- 
rials this value lies between 3 and 31/s. 

As a suitable average value, it is suggested 
(23) Rea=3,2, 
and hence, according to (20) Xx = 2, and 

Do=2 Ox 
The value of vx is given by 


_ _RTx 
(24) Vi= ton. : 


and the co-efficient becomes 


5 R att 
(25) d= = -< Tx 
For steam R is equal to 47.06, px = 225.5 
kg/cm?, and T = 647.2°, the constant #,— 
229.5 x 106 or @ = %* = 132, while Leib 
suggested the value of 136.5. 


Approximation beyond the Critical Re- 
gion. 
In some cases it is advantageous to express 
the equation (20) in the form 
RT_ e-1 x. 2.2 


Ee ee ey ty 


PY i 24+ 259 
aT -3+pto-BRt:: 


If the validity of this equation holds when 
X <1, then with 


(26) 





The critical volume can be calculated from 


_ a . _ 
Vv‘ = ae with Rreg =3,2. 


Hence 3 has a value 


oe 
<— |= 


From the exponential equation (17), and also 
from the equation (26) the thermodynamical 
relationships (10), (16), and (11) can be easily 
evaluated by integration. We obtain for the 
internal energy u, the enthalpy for y, the en- 
tropy s, and for the specific heats : 


(27) 


@ 


(b) (a — win) ep 





(©) @ —ws) REO 


/ 
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(30) (¢—dyin) - ae +n Drea— FG 


Hence for all vapours the thermal and calo- 

rific behaviour is given by a single curve defined 

1 by equation (27), which corresponds to equation 

(c) (@p— Cv) = = (17). This curve is shown for a few vapours 
R in Fig. 2 - 


(28) (29) (s—sviv) « 
(a) (Cy—Cvib) = 


W) oma TTR 
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PENCILS FOR TEMPERATURE MEASUREMENT 


(From Bulletin de Il’ Association Suisse des Electriciens, Vol. 32, No. 4, February 26th, 1941, 
p. 67, an abstract from schrift des Vereins Deutscher Ingenieure (VDI), 1941, No. 2). 


THERE exist materials which change colour when Colour of the pencil Temperature, at which New 

heated and revert to their original appearance __ When cold — colour changes colour 
after cooling. These materials have been used Light-green pencil = .. 120°C. Blue 
among others, by the firm Faber, to produce Green pencil .. . 150° C. Violet 


thermo-chromo pencils for eight temperatures Bluepencd = .. -- 200°C. wm 
between 120 and 600° C. Bottle green pencil ; 300° C. Brown 


A Brown stroke of above 
The attendant has only to make a stroke with pencil .. i gol 350° C. Red 


one of these pencils on the body, the tempera- Rose pencil .. . <aec. Black 
ture of which has to be ascertained, and to ob- Light-yellow pencil .. 510°C. Orange 
serve the moment when the colour changes. Dark-blue pencil -- 600°C. White 
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FLOW METERS FOR PELTON WHEELS 
By Hans GERBER. (From Schweizerische Bauzeitung, Vol. 117, No. 14, April, 1941, pp. 149-151), 


THE usual methods of flow measurement for 
Pelton wheels with calibrated tanks, weirs, or 
notches, meet with various difficulties in practice. 
The possibility of using calibrated tanks is very 
improbable in practice, and therefore cannot 
be regarded as practicable. Flow measurement 
by means of a weir is only possible on the low 
pressure side, and the accuracy of this method 
is greatly reduced on account of the great tur- 
bulence and air bubbles in the water. Venturi- 
meters, too, are employed in the high pressure 
piping, but owing to their inaccuracy especially 
at partial loads, are not frequently employed. 

There is, however, still another method for 
flow measurement, which is not yet fully appre- 
ciated although is very simple. Essentially it 
employs the Pelton wheel nozzle itself for the 
flow measurement. 


For the past few years most firms have stan- 
dardized their Pelton wheel inlet nozzles (Fig. 1). 
The ratios of the principal dimensions as d, De, 
L, and Rx differ only slightly in the various 
designs. 


On comparing a Pelton wheel nozzle with 
standard nozzles it can be seen that apart from 
the nozzle valve they are principally the same. 
Two main differences can, however, be estab- 
lished : 


(1) Pelton wheel nozzles are delivering against 
atmospheric pressure, and hence correspond to a 
sharp edged orifice on the bottom of a vessel 
delivering to the atmosphere (see Fig. 2). 


(2) For flow measurements, standard nozzles 
and weirs make use of the constant cross sectional 
area of the orifice and the variable differential 
pressure. Pelton wheels on the other hand, 























Fig. 1 
(s) Water jet ; (e) Nozzle ; (n) Valve ; (f) Guiding cross ; 
(1) Straight portion ; (De) Inlet diam. ; (Rk) Radius of 
Curvature; (d) Jet diam. 








operate at constant pressure and have a variable 
cross sectional area of nozzle opening. 

The second point appears distinctly advan- 
tageous for the purpose of flow measurement, 
since the pressure difference of the border of 
about 5 to 800 mm. Hg at full load may fall to 
considerably lower values at partial loads and 
pressure readings would become most inaccurate, 
Small differences in the measurement of the water 
head of many hundred meters have, on the other 
hand, only slight errors as a consequence. 


The adoption of the nozzle valve lift to de- 
termine the nozzle valve opening and hence the 
water flow is very simple and requires no com- 
plicated mechanism. 


The quantity of water flowing through a 
pelton wheel nozzle (reduced to 1 m. diam. of 
nozzle at 1 m. water head) can be expressed as: 


Qu = a 


Fig. 3 shows the water quantities Q,, as | 


percentage of normal flow Q in dependence of 
the valve lift S,, similarly expressed as percentage 
of the normal lift. The normal full load lift 
(100%) corresponds to a certain constant per- 
centage of the delivery diam. d of the nozzle. 


Hence for each ratio m = d?/D? the co- 
efficient of flow becomes constant only if the 
value of Reynold’s number R, exceeds a minimum 


7 











The general shape of the curve representing the 
flow co-efficient m as a function of R- is shown 
in Fig. 4. The value of m for a Pelton wheel 


lies between the limits of 0.10 and 0.25. For 











































J 
Fig. 2 


(d) Standard’ nozzle ; (b) Standard weir ; (t) Free jet 
nozzle ; (a) Sharp-edged orifice at bottom of containet. 
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Fig. 3 


these values of m the constant 
value of Re should be : 


for a nozzle Re 8—10.104 
for a weir Re 6—9.104 


and for a Pelton wheel (nozzle 
type Escher Wyss, H = 40 m., 
Q=100 1/s, and D=0.2 m.), 
R, = 5.10. 

From this it would follow that 
for all Pelton wheel nozzles with 


| practically identical valve lifts, a 
| constant value of c could be 


expected, but practice does not 
support this theory. Namely if 
the values of Qi;, as a percentage 
of Q, of the test nozzle are plotted 
against Re, then as can be seen 
from Fig. 5, great discrepancies 
occur without a regular tendency. 
Since all points of measurements 
have an Re value greater than 
0.5 x 106, the values of Qh 
should be constant. Fig 6 shows 
values of Q,, for nozzles and 
weirs above the tolerance limits as 
a function of the ratio d/D. The 
lowest graph of Fig. 6 shows Q,1% 
values plotted against d/D. Con- 
trary to ordinary nozzles and weirs 
the values of Q,,% show irregular 
discrepancies. 

In Fig. 7 the values of Qi1% 
were plotted against the water 
head H. This curve has a very 
satisfactory shape. The influence 
of the water head is obvious on 
account of the following con- 
siderations : 

_(a) An efficiency curve deter- 
mined for a laboratory model] 
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working under a head of 40 m., when applied to 


a Pelton wheel, working at a head not greater | 


than 1000 m., gives efficiencies far below 
those which might be expected from model 
testing. 

(b) A reversed effect is obtained if the values 
of Q,; are determined for a water head of 440 m. 
within the limits of + 0.1%. This, when 
applied to a model turbine, gives surprisingly 
high values of efficiencies. 

Various theories have been evolved to explain 
this phenomenon : so far no satisfactory explana- 
tion has been given. Further experiments on 
this subject are in progress in the Escher Wyss 
laboratories. 

It should be mentioned that lack of a satis- 
factory theory of the influence of water head on 
the flow measurement does not deprive en- 
gineers of making use of this method of measur- 
ing water flow in Pelton wheels, since the correc- 
tion co-efficients for a great many nozzle types 
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were empirically determined. This method can 
be employed with reasonable accuracy and leads 
in many cases to large savings in experimental 
costs. 


THE ELASTIC WING 
By Dirt. Inc. G. DatwyLer. (From Flugtechnik, Vol. 3, No. 3, March, 1941, pp. 65-67). 


THE ever increasing operational speeds of modern 
aircraft have necessitated investigations into 
wing rigidity. It might be of interest, therefore, 
to discuss the influence of the rigidity of wing 
construction on the forces acting on the wing. 


Torsional deformation is the principle type 
of aero wing distortion, since the air pressures 
acting on them are greatly affected by the angle 
of attack of the wing. In the following, the 
angle of twist 5 (x) along the wing span will 
be determined, O<x< b/2, where O is the 
wing centre, and + b/2 are the wing tips. 

Torsional influence lines + (x x,) show the 
elastic characteristics of the wing. The or- 
dinates represent the twist + at point x, for a 
moment M=1 along the span O<x<b/2. 
Determination of these lines is either by experi- 
ment or by statical methods. 


The twist 5 at point x, becomes then, 
b/2 b/2 

8 &)= fromy.amco= | 7 (XX). 
oO 


[ P@). fs ()—e (x) ] .dx 


where p(x) is the loading per unit length of wing 
span s(x) is the distance of the leading edge from 





the wing axis, e(x) is the distance of the leading 
edge from the centre of pressure of the force act- 
ing on the wing. 
According to Joukowsky, 
p(x wp. T (x).Vv; 
where T(x) =circulation/unit length 


further ==. ~ tix. 





with Cm=m.Ca+n 
» oo 
and Ca=2 V.t@) 
Cm t(x).V 





hence ro" ion +n. OT (x) and 
V . t2(x) 


e (x)=m.t(x) +n. 27) 





b/2 
From this: 5 (x;)=p vs (x X)) . {T(@) [s@) 


—m . t(x) |] - aE Wax 


This integral is solved for T(x) by a series. 
According to the number of terms in this series 
the torsion § is given by a corresponding number 
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Fig. 1 


of points along the span. Further at the wing 
centre 5 (0) =O for cantilever wings, and by 
symmetry the tangent at this point is horizontal. 
Braced wings have to be transformed first to 
cantilever wings: from the ordinate + (x x;) 
the ordinates + (x, O) of the centre of the wing 
are deducted. 

A satisfactory expression for T (x), as given 
by Prandtl and further developed by E. Amstutz, 
is: 


T@)=T0). Vi-@. {1+,e@+ve+...} 


x 
where £= b/2 

This expression is based on an eliptical 
distribution, and by making use of the two 
terms with the co-efficients ,, and v deviations are 
allowed for. These co-efficients depend on the 
angle of attack of the wing centre and two points 
along the span. 

The two integrals now become: 

b/2 


i=eV | (m)}T (x, 8; 52) . [s (x)—me(x) |- 


n. VO lax 


b/2 
meV |, (xx:){ T(x, 5; 52) . [s (x)—mt(x) | rs 
i. vet) dx, 


i@., two equation with two unknowns. 
The co-efficients can be calculated from the 
equations : 
A\—,B,—vC, = O, and 
A,—»By—v Cy =O, where 


Caco 1 th kt C, —_—— 
R=) Ce, en, eee —_ EST 
. Crog to 4b \Ciroo 1) v1 oy" 
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Fig. 2 
and 
_kt Cawo1 kt 2 2J/]_£.2 
Bi= 3 5 aa 1)+% 3 +8 v1 &; 
and 
_kt Cao 1 kt + 3 2 
C= 355 ett —1) + (shi 5hi )+ 


&,4 Vv 1—&,2 


As, Ba, and Cz are determined by replacing 
Cawi, t and &, by Cao, te and &, that is 
the geometrical angles of attack aré not made 
use of, but the corresponding lifting forces Cao 
Their relation is given by: 
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(C, oh=(Ca oo +- k . oy 
(C, wo je=(Cy wo + k rs 82 
This applies to wings with constant profile. 
For wings having an aero-dynamically varying 
cross section : 
(Caw) =(Ca oo + (4 Cao tk . 3; 
(Ca co )o=(Ca wo + (4 Ca wo + k 8: 


The circulation at the wing centre is given 


by: 
Tox ce wl. V. ty - 
sf 
a1) ogg at 


By substituting these values into the equa- 
tion, the integration can be carried out. This 
is best done graphically. The problem is finally 
solved by determining 5 and 4, since, knowing 
these, the behaviour of the wing is known for all 
flying conditions. 

In the following, the above method is illus- 
trated by an example. The wing is of eliptical 
section, the profile being as shown in Fig. 1. 
The torsion influence lines of the cantilever wing 
are for points x, = 0.6. b/2 and for x, = 0.9. 
b/2, and are shown in Fig. 2. 

The angles of twist for points x, and x, are 
given by: 
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9.2398 Caw 9 —8.2134 
_ , 


a} 


q 
19.9663 Ca w o— 17.750 
2351 


| 


q 
The ratio 5,/8,, is constant and equal to 


5 (x) 
2.161. The curve 5) 
of attack and dynamic pressures. It is shown 
in Fig. 3. With Caoo = 0.889, ie, 09 = 
3.22°, 5, and 8, are zero, and the wing remains 
undistorted. 

At the limiting pressure of the static torsional 
vibration q = 2351 kg/cm’, i.e., at about 700 
km/h, the torsional deflections become inde- 
finitely large. 

At a flying speed of V = 360 km/h which 
corresponds to q = 625 kg/m’, and a lifting 
value of (Caw )o = 0.3, 5; = 2° and 8, = — 4.3°. 
At the wing tips the airflow breaks off below the 
wing and dangerous vibration may take place. 

Finally, in Fig. 4 values of C, of an elastic 
wing are given in dependence of (Caw). Fig. 5 
shows the polares of the wing. At 0.889 the wing 
remains plane, and therefore, all lines will pass 
through C, = 0.696. It is interesting to note 
that the lines of the moments Cm are the same 
for all pressures. In other words the longitudi- 
nal moments for an elastic wing are the same as 
those for a rigid wing and the height of flight 1s 
not influenced by wing deformations. 
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ICING UP DANGER IN AIR NAVIGATION 


By Dip. ING. W. SPILLMANN. 


FLYING safety has reached a very high standard 
recently. The numerous accidents during the 
last few years show, however, that icing is still 
a dangerous factor in flying service. The con- 
sequences of icing-up can be enumerated as 
follows : 

(a) Throttling of the radiator. 

(b) Distortion of the wing profile. 

(c) Loading by adhering ice. 

(d) Jamming of movable parts in the radiator, 
and the control surfaces. 


Process of Icing up. 

The conditions resulting in icing-up are 
known from observations and experiments. For 
the latter a wind tunnel is essential, in which 
cold air is flowing to produce conditions similar 
to actual flight. Sumarising, it can be stated 
that many factors influence icing-up, and it may 
occur not only if supercooled water droplets are 
formed, but also if the fuselage is excessively 
cold when flying through a relatively warmer 
region containing water vapour. 

The most sensitive parts of an aircraft to 
icing-up are ; 

(i) The unheated radiator. Throttling may 
occur with the consequence that air admission 
is insufficient and the motor output falls. 

(ii) Instruments may fail to register if iced- 
up. 
(iii) Icing of the air-screw blades. If the ice 
breaks away from one blade only, the forces on 
the air-screw are unbalanced and causes vibra- 
tion. 

(iv) Formation of ice on the wing, usually 
starting at the leading edge, alters the shape of 
the profile. This not only increases the drag, 
but might lead to excessive overloading of the 
aircraft. 

(v) Icing might interfere with the proper 
operation of the various control surfaces. 

The protective systems against icing-up may 
be grouped as follows : 

Flying Tactics. 

_ This depends on accurate metereological 
information. Its possibilities ‘are limited, and 
tapid variations may occur. In general it is 
aimed to fly through a cold region as fast as 
possible, which will be greatly influenced by the 
rate of climbing of the aircraft. Naturally it 
also requires an exact knowledge of the danger 
areas. 


(From Flugwehr und Technik, Vol. 3, No. 4, April, 1941, pp. 90-93). 


Chemical Methods. 

Icing may be partly or completely prevented 
by applying a layer of paraffin grease on the 
sensitive parts of the aircraft exposed to weather 
conditions. Air-screw blades are covered with 
a layer of Clycol, or similar preparation. This 
method cannot be extended to the entire fuselage 
surface owing to the high cost. 


Mechanical Methods. 

Best known method is the Goodrich system. 
A rubber tube forms the leading edge of the 
wing and air is intermittently pumped in or 
sucked out. This “breathing” of the pipe 
causes ice to break off the rubber tube. The 
application of this method is confined to wings 
only. 

Thermal Method. 

Junkers proposed to utilize exhaust gases for 
heating the fuselage. The exhaust gases leave 
the pipe along the leading edge of the wing 
through small holes, so that they are carried over 
the wing surface by the slip stream. Icing is 
prevented in this way, but corrosion may result 
and the engine has to work against a higher ex- 
haust pressure. : 

Electrical Method. 

Electrical heating coils may be applied to 
dangerous points, such as rudder, etc. Since 
the melting heat required by ice, at 0° C., 1m? 
surface, 0.05 mm. thickness, is about 15,300 
Joules, or 1 h.p. for 20 seconds, it is essential 
to switch in the heater in good time, i.e., before 
a thick layer of ice has formed. This method, 
owing to the large heat quantities required cannot 
be employed to large surface areas. 


Icing up Indicator. 

As the temperature and humidity conditions 
do not necessarily determine icing-up there is 
need for a suitable indicator. The following 
instrument is suggested by the author. 

A nozzle facing the air stream can be used as 
a small refrigerator (Fig. 1). In this nozzle the 
original air temperature T, is cooled to T, accord- 


ing to 

AO ss, 8 | a iG 

To 2 ao 
where ao is the air speed before the nozzle, v is 
the air speed in the nozzle, and k is the adiabatic 


constant (C,/Cy). 




















The body K which is supposed to undergo 
icing-up first, is situated in the nozzle (D). Al- 
though its temperature will not correspond to 
that given by the equation above, owing to 
pressure conditions and friction, icing will start 
nevertheless along the wing edge. The water 


droplets brought on to the body K are cooled — 


further and results in the premature icing of K. 


The instant when icing starts on K can be 
established by a pressure gauge. It can be 
safely assumed that a single hole I of small di- 
mensions will ice-up sooner than several larger 
holes II. These holes are connected to the two 
sides of a diaphragm M, so that if icing covers 
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the hole I, an electric circuit is closed by a con- 
tact C and a signalling lamp L is illuminated. 

H, is a heating arrangement to prevent 
icing-up of the nozzle, and can be switched on 
either temporarily or continuously. A second 
heating device Hz serves to free the body K from 
ice for repeated operation. The heaters H, and 
H, are automatically controlled by the diaphragm 
(not shown in Fig. 1). 

The nozzle and icing-up unit K can be built 
in the aircraft similarly to a speedometer. 

This method will give a timely warning of 
icing-up danger to the pilot, when the available 
heating and de-icing systems should be put into 
operation. 


SHELL LATHE DESIGN UNFETTERED BY “STANDARD PRACTICE” 


By Myron S. Curtis. 


THE new single-purpose lathes for producing 
shells illustrate the constructive achievement in 
furtherance of: defense work. They are de- 
signed to satisfy the following specifications. 

(1) Capable of economical production of 
shell in sizes from 3 to 6 inches. 

(2) Sufficiently automatic to be operated by 
unskilled labor. 

(3) Capable of performing all shell machin- 
ing operations with a minimum of modifications. 

(4) A single-purpose machine, need not be 
adaptable to general shop work. 





(From Machine Design, Vol. 13, No. 3, March, 1941, pp. 29-32). 


(5) Simple in construction, capable of being 
made in other than machine tool plants. 

Though shell manufacture is highly important 
skilled machinists are reserved for precision 
jobs in industry. Since the closest limit needed 
for shell manufacture is about 0.2 to 0.4 inch, the 
shell lathe could be fitted with simple controls 
assuring fool-proof operation to obviate the 
necessity of skilled operators. 

Speed and economical considerations make 
it apparent that single-purpose machines ar¢ 
most suitable for this job. 
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Finally, specification (5) is fully justified on 
the basis that it frees the machine tool plants for 
the production of high precision machines vitally 
essential in so many other branches of the de- 
fense program. 

Fig. 1 shows a lathe satisfying the above 
mentioned specifications. Machine work on the 
base was obviated by eliminating all plane work- 























Fig. 1 
Six of these shell lathes, each incorporating minor 
modifications depending upon the machining operation, 
form an assembly line which produces finished shells 
at high rate of speed from forged blanks. 





Fig. z 


Plan view shows turning and forming tool holders. 
Pouring holes for alloy used to position bushings may 
be seen on the right or tailstock end. 
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ing surfaces as well as all boring and facing. For 
this reason the turning carriage is mounted on a 
longitudinally slidable as well as rotable bar as 
shown in Fig. 2. Similarly a bar provides the 
support for the outer end of the tool carriage. 
This latter bar (lower in the illustration) effects 
also the movement of the tools toward and away 
from the work. An end view of this mechanism 
is shown in Fig. 3. The tools are brought into 
the working position by counter-clockwise ro- 
tation of the bar. A clockwise rotation of the 
bar retracts the tools from the work. 





Fig. 3 
Main tool carriage supporting bar is located on the 


right. 

Facing tools are mounted on a third bar 
shown in the upper portion of Fig. 2. This 
method of tool support and control obviates the 
necessity of any machined surfaces on the base 
of the lathe. 

To avoid the necessity of precision boring of 
the machine base, a special method was evolved 
to fix the bushings into position. Considerably 
oversize brushing housings were cored in the 
base and provided with an opening on their 
upper cylindrical surface (Fig. 2). The \bush- 
ings were slipped over pilot bars which were 
then supported with the bushings in their proper 
position in respect to the machine base, by a 
fixture specially designed for this purpose. The 
annular openings between the bushings and the 
housings were carefully dammed. A _ special 
alloy consisting of a high bismuth content as 
well as lead and tin, was poured into the boushing 
housing through the holes provided. The alloy 
being heated to about 450 to 500° C., it flows like 
water. Sufficient time was given for this alloy 


Positioning cam is fastened to oscillating bar. 
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Feed mechanism is designed to be controlled for all operations by a solenoid and motor. Spur gear differential 
is shown in about the centre of the illustration. 


to set (about twelve hours). The pilot bars may 
be removed from the bushings as soon as soli- 
dification takes place. 

Spindle drive is from the motor through V- 
belts to drive-shaft, then through a jackshaft to a 
spindle. To maintain tension in the belts, set 
screws are tapped into the motor support plate 
and bear on the cover plate. Tightening down 
these screws raises the motor about the support 
plate hinge and imposes tension in the V-belts. 

The cylindrical drum, shown in Fig. 5, feeds 
the tool carriage through the cutting and return 
motion. At the left of the drum cam and mounted 
on the same shaft are two plate cams. One of 
these operates, through a swing arm and shaft, 
the facing arms, the other through a swing arm 
and linkage operates the oscillating bar for 
supporting and positioning the turning carriage. 

Since it is essentail that the tool carriage feed 
be a direct function of the spindle speed, the feed 
drive is taken from the spindle shaft by means of 
a silent chain (Fig. 4). A drive worm is en- 
gaging a worm-wheel bushed on a sleeve in the 
feed box. Integral with the worm gear is a 
cage carrying a stud on which are mounted the 
planet gears. Fastened to this sleeve is one sun 
gear of the planetary system and a brake drum. 
Concentric with this sleeve is a feed shaft, the 
left end of which carries a worm which drives the 
worm-wheel on the drum cam and to which is 
keyed the other sun gear of the differential. To 
the right end of this shaft is fastened a V-belt 
pulley which is driven by an auxiliary motor. 
This motor is in the same control circuit as the 
solenoid which operates the brake. 

During the cutting pass of the tool carriage 
the brake is applied to the drum, holding the 


sleeve stationary. The cam worm shaft is thus 
driven through the planets and the second sun 
gear keyed on the shaft adjacent to the first which 
is then stationary with the sleeve. When the 
tool carriage is to be retracted, the brake is re- 
leased and the motor, being energized, drives 
the cam worm shaft at high speed. Although 
the spindle, and hence the drive worm is turning, 
it effects merely the free rotation of .the planet 
cage, sleeve and brake drum. 

Automatic control is attained by limit switches 
operated by adjustable dogs located on discs 
fastened to and driven by the cam shaft. 





Fig. 5 


Drum cam traverses tool carriage. In the lower right 
is seen the cam driving worm mounted on the feedshatt 


shown in Fig. 4. 
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Angular turning operations may be accom- 
lished by means of a cam on the oscillating bar 
rather than by a plate forming cam. 

Hydraulic operation of the tailstock centre 
is provided. Further simplification of control 
is achieved by utilizing the movement of the 
binder lever, shown in Fig. 2, to effect the move- 
ment of and also to clamp the tailstock. The 
hydraulic piston is stationary ; the piston rod is 
hollow, and serves as a conduit for fluid. The 
cylinder, which carries the live centre, is free to 





THE ENGINEERS’ DIGEST 225 


move longitudinally in a bushing. A single 
movement of the binder lever operates the valve 
which advances the tailstock and clamps it in 
position. Reverse motion of the lever unclamps 
the cylinder and causes it to be withdrawn. 

Each machine has its own centralized lubri- 
cation system, the lubricant being circulated 
from a sump through filters by means of a pump. 
A pressure switch in the pump discharge line 
prevents operation of the machine unless there is 
a full flow of lubricant. 


OILLESS INSULATION OF HIGH TENSION APPARATUS, ESPECIALLY 
OF PRESSURE GAS INSULATED INSTRUMENT TRANSFORMERS 


By HANS HARTMANN, Baden. (From Bulletin de l’Association Suisse des Electriciens, Vol. 32, No. 2, 
January 29th, 1941, pp. 21-27). 


THE construction of oilless circuit-breakers has 
induced endeavours to avoid oil insulation in 
other apparatus, which are elements of switch 
gear plants. It can be seen from Table I. that 
the danger of fire is substantially diminished, 
but not banished with the use of insulating ma- 
terials generally called incombustible. 





TABLE I. 
Flash-point | Spontaneous 
Ignition-point 
Clophen A 60.. 236° C. 
Oxydol 45x 250° C. 310° C. 
Transformer oil 150° C. 190° C. 
Compound 170° C. 255° '€. 


Therefore, apparatuses have been designed with- 
out resorting to any organic insulating filling ma- 
terial. Itis evident that air, on account of its poor 
insulating property, cannot be used as the medium 
to carry the electric field strength ; extraordinary 
dimensions would have to be given to the appara- 
tus. Therefore one avoids using air as a bearer 
of the electric field and tries to localise the 
potential drops into ceramic insulating ma- 


Fig. 1 
Voltage Trans- 
former for 10 kV 
rated voltage 
with ceramic 

casing. 























terials. Fig. 1 shows such a design. The walls 
of the porcelain casing carry the whole potential 
difference to earth. The high tension winding, 
which can be finished completely outside the 
casing, is perfectly insulated by the porcelain 
casing, so that no glow-discharge can develop. 
The accurate manufacture of such parts of in- 
sulating material is, however, rather expensive. 


For this reason other means have: been tried 
to insulate electrical apparatus without using 
oil. It was known that gases have good insulat- 
ing properties when under pressure. The ex- 
perience gained with the construction and use 
of compressed air plants for air-blast circuit- 
breakers suggested the use of compressed air as 
insulating material for high-tension apparatus. 
Thorough tests by Brown Boveri confirmed the 
high insulating strength of compressed air, 
especially in homogeneous or quasi-homogeneous 
electric fields. Similarly, as in oil, points or 
fields which are liable to produce creepage 
discharge, are not favourable. But such arrange- 
ments can be avoided by appropriate design, 
and conditions may be secured, where the electric 
strength increases nearly proportionally to the 
pressure. Based on the satisfactory results of 
these tests, types of instrument transformers 
have been designed, as described in the follow- 
ing. 

Fig. 2 shows a pressure-gas insulated voltage 
transformer for 11 kV rated voltage and 42 kV 
test voltage. Fig. 3 is an instrument transformer, 
consisting of three single-phase transformers 
for 11 kV rated voltage, contained in a common 
casing. 























Fig. 2 
Single-phase pressure-gas insulated voltage transformer 
for 11 kV rated voltage : Longitudinal and cross sec- 
tion. 


The core and the windings of these trans- 
formers do not differ from the types used in oil- 
insulated transformers, as can be seen from Fig. 
2. For the high-tension bushings special con- 
structions had to be developed. Owing to the 
unsuitability of oil-tight cementing or grounting 
of insulators into transformer casings a clamping 
method, as used at present for oil-tight bushings, 
has been adopted. The clamps are embedded 
in elastic material, so that no dangerous stresses 
can be exerted on the ceramic material. The 
inner pressure automatically produces the com- 
pression necessary to make the bushing tight. 
The screws have only a secondary function and 
have not to be designed for very high strength. 
The low tension bushing insulators are designed 
on the same principle. 

Short-circuit tests in the high-power testing 
station of Brown Boveri have proved that these 





Fig. 4 
Drying apparatus for voltage transformers permanently 
connected to compressed air plant. 
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od 
Fig. 3 

Three-phase pressure-gas transformer for 11 kV rated 

voltage. 


transformers can be used without any danger 


for modern switch plants, and high degree of 


reliability is anticipated. The tests showed 
that a casing without any safety valve is not 
endangered by a short-circuit artificially initiated 
inside. The smallest type of transformer, for 
11 kV, has been subjected to a short-circuit with 


10 kV effective voltage and maximum currents of 


16.000 A (crest-value). The duration of the arc 
was limited to 1 sec. The casing stood the 
heating without deformation produced by the 
enormous power of the arc and the increase of 
pressure connected with. If the arc reaches the cas- 
ing, it may be punctured. But an oscillographic 
record of the pressure has shown that the pres- 
sure then falls rapidly. These tests showed 
that in the case of heavy damage to a pressure 
insulated apparatus of appropriate design, even 
when not equipped with a safety valve, no dan- 
gerous consequences may occur, as is the case 
when oil-insulated transformers explode and 
eject burning oil. Nevertheless, these trans- 
formers have as a safety valve a diaphragm with 
a very favourable rupturing characteristic. 
The simplest and surest service of the new 
transformers, when used in plants with air 
blast circuit breakers, is achieved by connecting 
them to the compressor plant of the breakers. 
Therefore the normal pressure of the transformers 
has been fixed at 12 to 14.5 kg/cm?, the pressure 
adopted for air-blast breakers. The pressure 
is reliably maintained in the distributing system 
by throttle and safety valves of the compressof 
plant, so that the transformers have not to be 
provided with special apparatus.’ But they art 
independent of the compressor plant in so far a 
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Fig. 6 I. Single-phase voltage transformer ; II. Two single- 
phase voltage transformers in common casing for two watt 
meter connection ; III. Single-phase transformer for measur- 
ing starvoltage ; IV. Three single-phase transformers in 
common casing. (a) High voltage terminals; (b) High-tension 
Neutral terminal ; (c) Low-tension terminals ; (d) Earthing 
sctew ; (e) Connection to air compressor plant with back- 
Pressure valve and safety valve ; (f) Manometer. 


THE ENGINEERS’ 






























227 





Fig. 5 

Pressure-gas insul- 
ated voltage trans- 
former for 24 kV 
rated voltage : 
Various kind of 
fixing. 










Fig. 7 


Single-phase 
pressure-gas 
insulated 
voltage trans- 
former for 
6H kV rated 
voltage. 
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pendently of compressor plant. 
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they are separated from the common distributing 
system of the compressed air by back-pressure 
valves, so that they remain in working order even 
when the pressure in the distribution plant falls. 

The transformers may also be used inde- 


Such trans- 


formers are delivered from the factory filled to the 
maximum pressure of 14.5 kg/cm?. Tests have 
shown that years may pass before the pressure 
falls to the permissible minimum of 12 kg/cm?. 
Such transformers can be refilled easily during 
operation from a compressed-air cylinder. In 
any case air which is used to fill a transformer 
has to be dried. The transformers, which are 
connected permanently with a compressed-air 
plant, are provided with a miniature drying 
apparatus (Fig. 4). The apparatus is very small, 


MINIMUM INSULATION LEVEL FOR LIGHTNING PROTECTION 
OF MEDIUM VOLTAGE LINES 
By H. N. EKvALL. (From Electrical Engineering, Vol. 60, No. 3, March, 1941, pp. 128-32). 


IN 1935 the Philadelphia Electric Company 
decided to investigate, if and how far, the light- 
ning troubles could be reduced on the 13 kV and 
33 kV wood pole lines of its distributing system. 
The 13 kV lines were those in Philadelphia 
(total length 125 circuit miles, average length 
per circuit 2.6 miles, neutral grounded through a 
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Insulation 
length 
Inches 
AtoB 84 
AtoC .. > 82 
AtoG .. se 49 
BtoG .. 51 
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33 kV high ridge pin structure. 


Insulation 


strength 
Inches per kV 
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2.6 
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as it has to dry only very small make-up volumes 
of air. When transformers are refilled from 4 
compressed-air cylinder a larger drying apparatus 
is necessary. 

A great advantage of these new transformers 
is that they may be fixed in any position (Fig. 5) 
suitable for the best arrangement of busbars and 
connections. The absence of oil makes many 
partitions and cubicles superfluous. A further 
advantage of this type of transformer is that one 
or more cores may be combined in one casing 
(Fig. 6), so that it requires a minimum of space. 

The principle has been adopted for higher 
voltages, too. Fig 7 shows a voltage transformer 
for 64 kV rated voltage and 152 kV test voltage 
for indoor installation. The apparatus is very 
compact. 


4 Ohm resistor and through an earthing trans- 
former), the 33 kV lines are in the suburban 
territory (total length 460 circuit miles, average 
length per circuit 14.2 miles, neutral solidly 
earthed). 

It was believed that a good method of pro- 
tection would be one which minimized the 
chinces of power arc formation. Therefore, it 
has been decided to lengthen the initial arc- 
over paths along the pole and the crossarms by 
increasing the insulation between phases and 
between phases and ground. 

A field survey showed that both the 13 kV 
and 33 kV systems had a large variety of pole 
top arrangements, resulting in a wide range of 
insulation lengths along the arc-over paths 
between phases and between phases and ground. 
For each pole of the two systems the insulation 
length was determined (according Fig. 1) as the 
sum of porcelain nd wood insulating lengths. 
Parts of the pole or the crossarms shunted by 
metallic hardware were excluded. Insulation 
length assigned to the pintype insulators was 
their arc-over distance as given by the manu- 
facturers’ catalogue, while for a string of sus- 
pension insulators, their insulation length was 
taken to be the wet arc-over of one unit plus the 
distance between centres of successive addi- 
tional units (Fig. 2). ? 

Combining the insulation length with the 
60 cycle voltage gives “inches per kV. All 
comparisons of lines of different pole top arrange 
ments were based on the minimum value of 
insulation stren,th of each structure expressed 
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in inches per kV, 
irrespective of 
whether it was 
phase to phase or 
phase to ground. 
The next step was 
to classify the 
different struc- 
tures according to 
strength, and to 
determine the 
annual rate of 
trouble experien- 
ced in power arc 
faults per 100 
circuit structures 
for each group. 
This enabled 
the susceptibility 
curves to be 
drawn (Fig. 3). 
These curves 
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MINIMUM INSULATION STRENGTH INCHES PER KV 


the insulation strength increases up to a certain 
level, the rate of power arc faults decreases quite 
rapidly. Further increases beyond this level 
: Based on this investi- 
gation a minimum insulation level of 2” per kV 
was adopted for the 33 kV system and 3.5” per 
KV for the 13 kV system. Levels above these 
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values would have been difficult to obtain on 
many existing structures, and the cost involved 
would not have been justified by the little im- 
provement of performance. From experience 
with 2300 structure years of 13 kV lines with 
high ridge pin configuration in Philadelphia, 
it seems that no trouble will occur on lines having 
a minimum insulating strength of 6.5 to 7 inches 
per kV. For the 33 kV system there appears 
to be no practical value of insulation which will 
entirely prevent power arc trouble. The sus- 
ceptibility curves provide a means for deciding 
whether proposed changes on the lines may be 
economically justified. 

When the line improvement work in Phila- 
delphia was completed, 95% of the 13 kV lines 
of the Philadelphia system had an insulation 
strength of 3.5 inches per kV or better, and 75% 
of the 33 kV lines a strength of 2 inches per 
kV or better. Principal changes on the 13 kV 
lines consisted of 

(a) Removal, relocation or insulation of guys ; 

(b) Replacement of metal with wood braces ; 

(c) Use of porcelain or wood sections in 
horizontal and vertical operating bars of gang- 
operated air break switches ; 

(d) Rebuilding of dead ends and corners ; 

(e) Changeover from low ridge pin to high 
ridge pin configuration by lowering the cross- 
arm or use of wood pole extensions. 

By all these means additional wood insulation 
between phases and between phases and ground 
was obtained. The four foot high ridge pin con- 
figuration gives approximately equal insulation 
strength between phases A and B, B and C, and 
C and A. 

Changes on the 33 kV system were similar 
to those enumerated above. Many guys were 
relocated or removed, and groundwires, overhead 
as well as vertical, were removed too. On 
isolated steel towers in the wood pole lines 
metal arms were replaced with wood, or suspen- 
sion insulator units up to a total number of seven 
per string were added. Very important improve- 
ments were made regarding the guys and switches 
which could not be removed. 

The following over-all decrease in line in- 
terruptions and power arc faults has been ob- 
tained : 

Interruptions during lightning storms per 100 
circuit miles 


1935 1940 Improvement 
per cent 
13 kV system 55 14 15% 
we & 45 17 62%, 
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No apparent increase in substation light- pole splintering without accompanying power 


ning troubles on the 13 kV and 33 kV systems arc trouble showed an appreciable increase 
due to the increase in line insulation has been during the period of line renovation ; this was 


experienced. On the 33 kV lines, cases of expected. 


TURBO COMPRESSORS FOR SHIP AND HARBOUR 


INSTALLATIONS 
By E. KLINGELFuss. (From Brown Boveri Mitteilungen, Year 28, April, 1941, pp. 104-117). 
THE application of turbo-blower type compres- = 1.3 and 1.4 (air at 15° C., 1.0 kg/cm’, density 
sors for scavenging and supercharging Diesel 1.185 kg/m), and only in exceptional cases does 
engines, for boiler plants, as heat pumps in it reach 2. For higher compression ratios several 
evaporators and refrigerators, on submarines turbo-blowers are used in series. In this way 
for compressed air service, and for pneumatic compression ratios up to 10-20 may be obtained. 
conveying, is closely connected with an im- The resistance against which the blower has 


proved knowledge of their working characteris- 
tics. For a full appreciation of turbo-blowers, 
their maximum output (pressure and volume), 
the influence of the nature of the resistance on 
the turbo-blowers, and their advantage over re- 
ciprocating pumps should be known. In this 
respect the following may be said. 
Turbo-blowers are suitable to deal with a re- 
latively large quantity of air at moderate pressure. 
Naturally the larger the compression ratio of the 
turbo-blower, the larger the output for a given 
compressor size. Fig. 1 shows the relation 
between intake volume and pressure on the de- 
livery side. The compression ratio is limited 
by the maximum circumferential speed of the 
runner, which is usually between 250 to 275 
m/s, but in special designs it may be increased 
to about 350 m/s. With these speed limitations 
the value of the compression ratio lies between 


to do work may be a hydraulic resistance, such as 
frictional losses in piping, casing, valves, etc., 
or pure static resistance which is independent of 
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the quantity delivered (this type of resistance 
does not occur in practice), or it is a combination 
of the two previous resistances (Figs. 2a-2c). 
The delivery of the turbo-blower is altered 
with changes in the nature of the resistance, if 
the speed of the runner is kept constant. There- 
fore, it is advisable not to put too strict a limita- 
tion on the output or speed of turbo-compressors. 
A very instructive example in the difference 
of the behaviour of a turbo-blower and a re- 
ciprocating pump with changing resistance is 
given in Fig. 3. Wn is the calculated resistance 
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of a system, Pn is the corresponding pressure 
required. Pyn is the delivery curve of the 
turbo-blower and pynk that of the reciprocating 
pump. When put into commission, it was found 
that the actual resistance followed the curve Wb, 
and consequently the air delivery required is 
Vb at a pressure Pb. If the speed of the com- 
pressors were kept unaltered, the turbo-blower 
would operate at the point of intersection of its 
delivery curve with the resistance curve, i.e., at 
point C. Similarly the reciprocating pump 
would work at point B. In other words the 
delivery of the turbo-blower would be in- 
sufficient, while that of the reciprocating pump 
would be sufficient, but delivery takes place at a 
much higher pressure which might be dangerous. 
For correct operation the speed of the turbo- 
blower should be altered to pyni, and that of the 
reciprocating pump reduced to pynk. 

In general, the advantages of a turbo-blower 
over a reciprocating pump are: 
_ (1) Smaller dimensions and weight. Speed 
limit of turbo-compressors is about 275 m/s, 
while that of the piston of a reciprocating pump 
is 10 m/s. Turbo-compressors are, therefore, 
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superior when large volumes of air have to be 
compressed to a relatively low pressure. 


(2) Greater reliability of operation owing to 
its simple construction. 

(3) Oil free delivery and small lubricant 
consumption. 

(4) Requires moderate attendance and practi- 
cally no maintenance costs. 

(5) Vibrationless running, therefore light 
foundations and smooth operation. 

In favour of the coupled reciprocating pump 
are the following : 

(1) Simpler general layout, and controlling. 

(2) Smaller power consumption (about 15% 
saving). 

(3) Smaller initial costs. 


Great progress has been made recently in 
supercharging of Diesel engines with turbo- 
blowers, driven by an exhaust gas turbine. The 
Biichi system is generally adopted in Germany. 
The newest exhaust gas turbines can be employed 
with engines of about 200 B.h.p. output, and 
experimental models were recently designed for 
engines with even less than a 100 B.h.p. output. 
For compression ratios not higher than 1.45 the 
blowers are designed with a single stage, and for 
higher outputs two stage blowers are used. 
Fig. 4 shows the runner and the guide blades of 
an exhaust gas turbine constructed by Brown 
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Boveri. In Fig. 5 the Brown Boveri-Curtis 
system of supercharging two stroke Diesel en- 
gines is shown. The turbo-blower and the 
exhaust gas turbine are working in series, i.e., 
are mechanically coupled; the turbo-blower 
supplies compressed air to a scavenging pump. 

Turbo-blowers are specially suitable for 
forcing boilers on board ship, and for providing 
the necessary draught, since great air volumes 
have to be dealt with. The pressure require- 
ments vary from 40 mm. water head on merchant 
vessels to 300 mm. water head on naval vessels. 
For the first type the blowers should run at very 
low speeds, and therefore a better solution is 
given by employing axial flow blowers. Fig. 6 
shows the design of such a blower with a single 
stage. The axial flow turbines represent a new 
development in compressors. The rotor con- 
sists of a very few blades only, and the air is 





Fig. 6 


passing through in an axial direction. The 
kinetic energy imparted to the air by the runner 
is converted into pressure energy in the diffusor 
housing. They are typically high speed engines. 
The type pressure-volume curve is steeper than 
that of centrifugal pumps, and their efficiency 
can reach about 80%. Fig. 7 shows the runner 
and casing of a multi-stage axial flow compressor 
which is employed for a Velox steam generator, 
working at about 2.5 to 3.5 kg/cm? pressures, 
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Fig. 9 
Fig. 8 shows a new type of turbo-blower 


employed on U-boats for emptying diving ta 
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Fig. 8 
As they are only in use for about 5 minutes when 
rising, the main constructional consideration was 
given to weight and saving in space. The 
compressor has an output of 30 m°/min. at a 
delivery pressure of 1.8 kg/cm?, at 33,000 r.p.m. 
This necessitates a circumferential velocity of 
the runner of about 350 m/s. This pressure is 
obtained in a single stage blower. Similar blowers 
are used for balancing tanks, which are used for 
increasing the stability of a ship. This is con- 
trolled by water movement in the balancing 
tanks. The air is alternatively compressed in 
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one tank, and exhausted from another, thus 
regulating the quantity of water in the tanks. 
Finally turbo-blowers are also employed for 
pneumatic conveying. Air currents of 20 to 
40 m/s are produced by reducing the pressure in 
the pipes to about 0.4 to 0.5 kg/cm?. The air 
current then carries material, such as pulverized 
coal. The quantity conveyed is about 10 to 15 
times the weight of the air. Such plants are 
used for a minimum output of about 30 t/h 
(Fig. 9). In such applications it is of primary 
importance to arrange for an effective dust 
separator before the blower. Very strong 
runners are used on such blowers (shown in 
Fig. 10). The rivets are formed from the steel 
alloy blading, so that there are no rivet heads 
inside the blading where corrosion could occur. 








Fig. 10 


ELECTRIC TRACTION 


By P. FaperR & K. Sacus. (From Brown Boveri Mitteilungen, Vol. 28, Nos. 1-2, January to 
February, 1941, pp. 61-66). 


THE successful competition of motor car service 
forced the railway companies to introduce fast, 
light, motor coaches. The Brown Boveri Co., 
in co-operation with the Schweizerische Bundes- 
bahnen, developed many new parts for the new 
type of car to suit the new conditions of speed 
and wheel diameter. 

The final design adopted is shown in Fig 1. 
The motor is attached to the bogie frame. A 
gear wheel and a driving “star wheel” trans- 
mits the turning moment to the driven wheel ; 
the six arms of the star wheel engage the gear 
wheel between the spring boxes. Relative move- 
ment between the gear and the driven axle is 
thus possible. 

The speed regulator should be light and 
simple, able to deal with the frequent speed 
changes, and should ensure a multistep speed 
regulation. These principles were kept in mind 
When designing the control for the Bern- 
Schwarzenburg line. Essentially, it is a multi- 
step regulator operating only when current is 
flowing, and is fitted with a special switching 
lement, which automatically switches a resistance 


in and out during the interval when the regulator 
arm is changed from one step to another. 



























































254 


A similar electrically controlled switch control 
is used for the four new A.C. motor coaches with 
four driving axles each, at the Norwegian State 
Railways. They develop an overall output of 
about 4x 157 h.p. at 41 km/h. 

A very satisfactory solution for fine multi- 
stepped regulation is given by the Brown Boveri 
system, using free transformer windings on which 
the contacting arm slides. 

In Fig. 2 a new type of remote control box 
is shown, to control various auxiliary mechanisms, 
such as compressor, heating, lighting, etc., and 
also to relieve the speed control. The switching 
elements, built in, are designed for 20 A D.C. 
and 50 volts. 








“ee 8 ane | 





~ ‘Fig. 2 


In Fig. 3 a new automatic current braker 
is illustrated, which is used on D.C. tramways. 
It is built in the roof construction inside the 
carriage and is hand operated. The maximum 
breaking current can be adjusted between 200 
and 500 A. It weighs about 20 kg, and is de- 
signed for a nominal current density of 750 V, 
250 A, it can deal with currents of about 5500 A 
with a pure ohmic resistance, and with 4000 A 
with an inductive resistance. 

On the Lille-Roubaix-Tour line the pre- 
viously described notch control is used in con- 
junction with an oil servo-motor. The latter 
is governed by a current relay, keeping the ac- 
celeration and retardation of the train constant 
within 10°, limits. Each carriage is fitted with 
a controller, governed by two speed controls, 
each of 3 steps, through an electric valve control. 
When switching off the current in the controller, 
the current is broken in the main line switch. 

The motor coaches employed by the Oslo 
Tramway Co. show interesting features. 
Similarly to the motor coaches used in Essen 
and by the Brown Boveri Co., they have no 
separate driving bogies, but the motor itself 
forms the frame for this. The motor is arranged 
along a longitudinal axis between the two driving 
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axles, and drives these through a bevel gearing, 
and employs three-point suspension. Two of 
these is formed by the supporting arms fixed to 
one axle, and the third point is by means of 
bearing on the other axle. The bogie can rotate 
around a pivot fixed to the motor casing. The 
carriage rests on helical springs enclosed in 
cylinders, which are screwed to the motor casing, 
The bogie weighs about 1 t., and the carriage 
about 5.8 t. The gross weight of the coach 
together with the electrical machinery is about 
12 t. 


Velox Locomotives. 

The Velox steam generator is very suitable 
for locomotives, owing to its small space re- 
quirement, light weight, quick readiness and its 
immediate adaptation to varying working condi- 
tions. The first order for a Velox locomotive 
came from the Electro-Mécanique Co., Paris, 
for converting an existing 2C steam engine into 
a Velox locomotive (Fig. 4). 

After reconstruction the new boiler stands 
upright on a strong cast steel construction, 
stiffening the locomotive frame between two 
driving axles. The steam trap stands beside 
the fire box, and the super heater coils are fitted 
into the evaporator tubes, placed in the combus- 
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tion chamber. The economiser is suspended auxiliary turbines take over the driving, and the 


horizontally underneath the locomotive roof. 
The group of pumps consist of an oil fuel pump, 
lubricating oil pump, oil control pump, feed 
pump, and the circulating pump. The shafts 
of the pumps are upright to enable placing the 
circulation pump as low as possible below the 
water level of the boiler: they are driven by a 
horizontal steam turbine through bevel gearing. 
Special starting motors are used to bring the 
charging and the pump group to the desired 
speed. As soon as steam is produced, the 


By Dr. H. WEINGARTEN. 


THE German machine tools, with special regard 


ito presses, are characterized by the wide adoption 












starting motor for charging the boiler continues 
to work as generator for the lightning. A stan- 
dard locomotive casing encloses the Velox plant. 
The driver’s platform is in the front as the Velox 
steam generator works automatically and re- 
quires no attention. The output of the loco- 
motives could not be increased greatly (from 
16 kg/cm? and 1500 h.p. to 20 kg/cm? and 
2000 h.p.), owing to the existing gearing arrange- 
ment. Some of the latest designs are develop- 
ing 7000 h.p. 


NEW GERMAN MACHINE TOOLS 
(From Das Industrieblatt, Vol. 46, No. 11, April 16th, 1941, pp. 532-538). 


of welded fabrications. The main advantages are 
lightness, and great saving in material, compared 
with the former cast iron constructions; at the 
same time they show the same strength and rigidity, 
even under the most severe working conditions. 
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A 600 t. press for continuous operation is 
shown in Figs. 1 and 2, designed for pressing 
rondes up to 625 mm. diam., or up to a work 
thickness of 50 mm. with consequently a smaller 
diam. The stroke of the ram is 150 mm. and 
the speed is 24 strokes per min. A motor is 
provided to move the ram to the required height, 
and the weight of the ram is taken by two com- 
pressed air cylinders. On the high speed fly- 
wheel a disc clutch is fitted together with a brake ; 
compressed air is admitted to the clutch through 
an electro-magnetically operated regular valve. 
A safety valve stops operation instantaneously 
should the air admission be interrupted. For 
large pressings the control stand can be altered, 
since the controlling press-button engager is 
fitted in a special sliding support. The fly-wheel 
and the clutch are fully enclosed for protection 
against accidents. 

Figs. 3 and 4 show an open type of single 
frame press of 250 t. working pressure, 32 strokes 
per min. and adjustable stroke. The adjustment 
of the ram is by means of a removable hand- 
lever fitted to the ram. The friction clutch is 
controlled by a knee operated lever. A brake 
similarly situated on the fly-wheel shaft is me- 
chanically connected to a coupling which can be 
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Fig. 4 

adjusted for a maximum turning moment. The 
brake is controlled by the coupling. If com- 
pressed air is not available engagement is by 
means of a hand lever as seen in the illustration, 
which when released stops the ram at any posi- 
tion. This hand lever must be operated only 
during the downward stroke of the ram. At the 
end of the power stroke disengagement follows 
automatically, but the press can also be adjusted 
to continuous operation if desired. An electro- 
magnetically controlled regulating valve operated 
by compressed air can be fitted in place of the 
hand lever. 

Fig. 5 shows a closed 400 t. single frame 
press. This type is designed for rigidness and 
lightness compared with the usual type double- 
sided presses of the same opening. The disc 
clutch and brake are operated by an oil-servo 
motor, the piston of the oil pump being situated 
on the fly-wheel shaft. The oil pump is driven 
by an electric motor, mounted at the side of the 
press. Admission of pressure oil is controlled 
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Fig. 5 
by a hand lever, which when released instantly 
stopstheram. The speed is 25 strokes per minute. 
Hydraulic Drawing Presses. 

Fig. 6 shows a new hydraulic high speed 
drawing press, type Schuler. The press is of 
the double sided design, the body being built up 
from four parts, the cross beam, the table, and 
the two entablatures. These are assembled by 
means of steel ties. Each cylinder is built 
separately in the cross beam of presses above 
600 mm. width between the columns, so that they 
can easily be dismantled. The drawing ram is 
of very sturdy design and has four adjustable 
guides to obviate distortion. Pressure trans- 
mission is usually by means of a centrally situated 
piston, and for larger types (Fig. 6) two pistons 
are employed. 

Drive is by a steplessly regulated high pres- 
sure pump. This is directly coupled to the 





ENGINEERS’ 





237 





DIGEST 


motor and is situated above the oil-container, 
which also forms the bracket on the cross beam. 
The regulator is similarly situated on the cross 
beam. Continuous operation of the pump is 
possible at pump speeds of 600 to 1000 r.p.m., 
and sudden hammer blow operation of the ram 
is not possible. The pump is designed with an 
automatic controlling device, so that with reduc- 
tion of the working pressure the output increases. 
The drawing speed can be adjusted according 
to the work, and a pressure regulator is also 
provided. 

Coupling of the press is by a hand lever. 
A control rod is provided to reverse the stroke 
when the adjusted maximum stroke is reached. 
The ram returns to the upper position auto- 
matically, and at the highest position the press 
is stopped by suitable trips. The press can also 
be adjusted for continuous operation, in this case 
a second lever is used to stop the press. The 


light load power stroke as well as the return 
stroke is fast, and the working stroke speed 
varies with the pressure and pump output. 
For drawing work a compressed air drawing 
apparatus is built in the table of the press. An 
ejector is fitted into the ram, which can be ad- 
justed between wide limits. 
















































Fig. 7 
(at top) 


Fig. 8 
(left) 


Fig. 7 shows a double acting hydraulic draw- 
ing press of 1000 t. working pressure. The 
pressure of each sliding head-beam is 500 t. and 
the ejector of the table has a press of 300 t. The 
table diam. is 4.5 m., so that even large pressings 
can be undertaken on this machine. The com- 
plex pressings produced by this machine is 
illustrated by the example in Fig. 8, showing 
the end of a locomotive boiler. This work is 
pressed by a single operation of the press. The 
necessary stroke movements for such operation 
are adjusted in turn by the workman. The 
time required to complete such a pressing is 
about 4 to 5 minutes. 

Knee Lever Die Casting Machines. 

These machines are mainly employed for 
pressing coins, cutlery, etc., from silver, nickel, 
steel and other metals, and also for work which 
requires a high pressure for a small stroke. 
The body of such a machine forms the frame 
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which is of cast iron for smaller types, and 4 
cast steel for larger types. For very large my. 
chines the cast steel frame is fabricated in see. 
tions (Fig. 9). The height adjustment of the 
ram is by means of a conical slider operated by, 
hand wheel, or by a motor for larger designs, 
The knee lever movement is operated by a strut 
hence the bearing screws and cover are only 
used during the return stroke. 

Larger models use a friction clutch operated 
by compressed air; this clutch serves also ; 
safety clutch and slips at excessive loading. An 
extenso-meter in the longitudinal direction serves 
as a pressure control. To increase the output 
an automatic work feeding apparatus can be 
employed (Fig. 10), in this case only the die has 
to be hand filled with the ingot, the rest of the 
operation is automatic. 

Fig. 11 shows a knee lever hot press, mainly 
used for working cylindrical pieces of various 
metals. A_ difficulty frequently encountered 
during forging was that several power strokes 
were required to finish the work, but with this 
machine all parts are finished by a single opera- 
tion. The operation of the machine was de- 





Fig, 9 
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Fig. 10 
signed to follow the natural flow of the work 
material. Experiments showed that an improve- 
ment is obtained with properly adjusted working 
speeds at the various stages of the work, i.e., 
sudden and fast speed at the beginning of the 


Fig. 12 
operation and delayed retardation at the end. 
To obtain this speed regulation, an uneven knee 
lever controls the work slide. The maximum 
working pressure of the machine is 1500 t., the 
driving motor has an output of 65 h.p. and runs 
at 1450 r.p.m.; the machine speed is 20 strokes 
per minute. The press is equipped with a disc 
clutch and a brake operated by compressed air ; 
an adjustable ejector in the table, and another 
one in the ram which operates during the upward 
stroke. A “ breath” measuring gauge indicates 
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Fig. 14 


overloading by measuring the elastic longitudinal 
elongation of the table‘during the pressure stroke. 

Fig. 12 shows a new universal hydraulic press 
for sheet metal stamping. Since the pistons can 
be made to operate either separately or together, 
a four fold operation is possible with the machine. 
This is very useful when several operations are 
required on the same work without reheating 
between the operations. In Fig. 13 the same 
machine is illustrated stamping two sets of work 
simultaneously. This machine is of all welded 
construction. 

A multi-shear strip cutting machine is illus- 
trated in Fig. 14. The metal is first passed 
through the feeding rollers and hence bent metal 
sheets are straightened before passing to the 
shears, ensuring parallel strips on the delivery 
side. The width of the strips can be adjusted. 

In Fig. 15 a sheet iron shearer, type Mo- 
drach, is illustrated. The lower shearing knife 
can be adjusted to an accuracy of about 1/100 mm. 
This machine is able to deal with sheet metals of 
various thicknesses without any adjustment. 
The two sets of knives (upper and lower) are 
interchangeable. Continuous and single stroke 
operation can be performed on this machine, in the 
the latter case disengagement follows automati- 
cally after the ram reaches the end of the power 
stroke. 

Fig. 16 shows a new type of electrically ope- 
rated automatic trimming press. Coupling is 
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by means of press buttons or pedal. Clamping 
starts automatically, and is stopped when a cer- 
tain pressure is reached. At the same time a 
motor is started driving the bending beams. 
The movement of these bending beams can be 
adjusted and when they reach the limiting posi- 
tion the motor is automatically reversed. In the 
neutral position the motor is arranged to drive 
the other bending beam until a complete bending 
stroke is completed. This alternatively upward 
and downward movement of the two jaws is 
adjustable and can be stopped at any instant. 
All driving mechanism is built in the side support 
of the machine. 





Fig. 16 


NEW MACHINE TOOLS FOR MANUFACTURING METAL BOXES 


By Dr. WEINGARTEN. 


DISPENSION with soldered or welded seams of 
metal boxes is a contribution to war time economy 
in metals. For this reason a new method was 


(From Das Industrieblatt, Vol. 46, No. 11, April 16th, 1941, pp. 539-540). 


developed in Germany for manufacturing metal 
boxes, which consists of a spirally rolled folding 
of the ends of the sheet metal, For air tightness 
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Fig. 1 
and to enable boiling of the contents an elastic 
rubber strip is used for packing between the 


metal ends. In Fig. 1 a fully automatic machine 
is shown, working on this principle ; the following 
operations can be distinguished : 

(1) Cutting of the metal for the trunk. 

(2) The rubber band is burned on one end of 
the metal. 

(3) Forming angles at the ends to be folded. 

(4) Forming of the folded seam. 

(5) Pressing of the folded seam. 

The output of the machine is about 150 
pieces per minute. 

Semi-automatic machines are also designed, 
which have of course a smaller output. Fig. 2 
shows such a machine which is used for cutting 
the metal and to burn the elastic packing on one 
end of the metal. The sheet metal and the 
tubber band is fed to the machine to the knife 
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Fig. 3 
stop. Releasing the clutch operates the knife, 
and a suitable length of the packing is cut off and 
is melted on to the metal by an electrically heated 


device. For the remaining part of the work 
other semi-automatics are employed. With these 
machines, however, a six-fold seam is used 
instead of the rolled folding. Fig. 3 shows a 
Kircheis type of folding machine which operates 
in two stages ; during the first stage a four-fold 
seam is prepared and during the second this is 
made to a six-fold seam. 

Fig. 4 shows a single job machine for fixing 
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discs on to sheet metal drums or cylinders. The 
discs are put in position on the cylinder before 
inserting it to the machine, where they are 
stamped on and delivered automatically. The 
output of this type of machine is about 4500 
pieces per minute. 

Finally, Fig. 5 illustrates a sealing machine 
for the filled preserve conserve tins. On the 
right hand side of ‘the figure the filling device 
is shown, from where they are automatically 
taken to the sealing machine. A safety devia 
stops the delivery of tin covers, if there is no tin 
fed to the machine. 80 to 120 tins can be sealed 


per minute on this machine. 


PERFORMANCE OF WELDING ELECTRODES 
(By JosepH A. Duma (Norfolk Navy Yard), #. Am. Soc. Naval Engrs., Vol. 53, Feb., 1941, pp. 65-75, 
Abstracted by Metals and Alloys). 


Data are collected for the physical and chemical 
properties of 10 commercially-used electrodes 
to evolve a quantitative method of evaluating 
electrode qualities. What is most needed is a 
formula for relatively grading electrode perform- 
ance under conditions of varying skill. The data 
are tabulated in detail for chemistry of core wire 
for 5/32 in. diameter electrode, micrographs of 
typical inclusions, cold worked base metal, 
McQuaid Ehn structures, etc. 

The physicals noted for the 10 electrode 
coatings are (with max.-min. values): thickness 
differences, 0.031-0.018 in.; eccentricity, 
0.005-0.001 in. ; weight, in grams per linear in., 
0.593-0.209 ; weight % of core, 24.1-8. 5%; 
number of rods in 50 lbs., 607-540 ; shear value 
as received, 2200-633 lbs./in.2; shear value for 
the used upper half, 2200-1140 Ibs./in.2; bend 
test values around a 2 in. pin, 13°-8° bend to 
cracking ; bend test values to flaking, 120°-45°. 

Chemical analyses for Al, FeO, Mn0., Ti0., 
Ca0, Mg0, C02, Na,0, Sid. gave interesting 
results. Aluminium ranged from 1.35 to 0.16%, 
while one coating had only a trace. The Ti0, 
content ranged from 20.46 to 5.34% and Na,Si0; 
from 35.78 to 16.34%. From the chemical tests 
the electrodes are classified as (a) gas-shielded, 
or (b) slag-shielded—with 8 electrodes in the 
first classification, 2 being high-Ti0. types. 

Of the two slag-shielded electrodes, one was 
a high-manganese type and the other high iron 
oxide. Slag properties are tabulated in terms 
of weight of slag, flux, slag per gram of flux 
(ranges from 1.75 to 1.08), slag density, fluidity 
and colour, per cent composition as Si0., Fe0, 
Al1,0,, Ti0., Ca0, MgO arid MnO. The base to 
acid ratio (calculated as the summation of the 


| Fe, Mn, Ca, Mg, Ti oxides as against the Si0, + 
A1,03 total) ranges from 14.2 to 1.3. 

Welds were analyzed chemically and tested for 
tensile strength, yield point, elongation, Izod 
impact, specific gravity, number of “ bird-eyes ” 
(fish-eyes, flakes, etc.), and per cent of weld-metal 
recrystallized. Information is provided as to 
arc and deposition characteristics, and a merit 
factor or performance value for 3 different methods 
of calculating the factor is offered. 

A relationship was found between electrode- 
slag and number of bird-eyes, since the basic 
slags tend to produce flaky or bird-eye deposits 
to a greater extent than acid slags. Thick slags 
from slag-shielded electrodes produce deposits 
nearly free from bird-eyes. Aging after machining 
of tensile specimens of weld metal resulted in a 
slight increase in ductility of 6 specimens and 
decrease of 4 specimens. 

Only 4 out of a total of 40 specimens passed 
the Navy requirement of 22% min. elongation; 
the 2 slag-shielded electrodes gave these 4 accept- 
able specimens. The author says that “ failure 
to meet ductility requirements is traceable to 
too-thick-layer deposits” (as shown in data on 
the extent of recrystallized metal in the weld), 
“to hindered contraction and shrinkage stresses 
resulting from the fixity of the joint, and to the 
presence of the defect ‘ bird-eyes ’ in the fractured 
weld-metal—the last defect a product of hydrogen 
embrittlement.” By employing a weaving pro- 
cedure in welding it was possible more completely 
to heat treat the underlying deposit and increase 
the ductility for one of the electrodes to 24-25%. 

Arc stability tests failed to show that alu- 
minium and Al,03; decrease the arc stability, as 
has been reported previously in the literature. 
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